I~ PRl Guangxi Sciences 2017,24(6) :534~539

PR 45 48 S B 7 AR R] - 2017-12-19 DOI:10. 13656/j. cnki. gxkx. 20171219, 004
190 28 A1 5 850 H R AE < http: //kns. enki. net/kems/detail /45, 1206, G3. 20171219. 0929. 008. html

THREAMA=ZNEAIZIENREEGEN
Phase Field Crystal Simulation of Trigrain Boundary
Migatation of Deformed Grain
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Abstract :[Objective] The evolution process of microstructure (such as the internal grain bound-
aries, dislocations, etc.) during the stress deformation of nanometer polycrystalline materials
was studied to reveal the microscopic mechanism of the stress caused by nanometer polycrystal-
line materials. [Methods] The deformation process of polycrystalline samples under external
stress was simulated by the phase field crystal (PFC) model and the change of internal distor-
tion energy was analyzed. [Results]Under the effect of adding two-axis dynamic loading, the
grain in the sample did not undergo large deformation at early stages, and the dislocation was
mainly along the grain boundary. With the increase of strain, the samples began to appear the
phenomena of the grain rotation, grain swallowing, large-angle angular grain boundary migra-
tion, the dislocation in triple junction was emitted and absorbed. Dislocation at the grain
boundary helped to reduce the surface energy of the grain boundary. Absorption dislocation in-
creased the surface energy of the grain boundary. [Conclusion] The phase field crystal method
could effectively simulate the plastic deformation
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Fig. 3 Evolutionary process of microstructure in the sample
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Fig. 4 Evolution of the tri-GB of polycrystal materialis during the deformation

JEAE 2017 F 12 A 24 K% 6 537



Bl 5dl Jos 1 b SR SR I A B REAS AL L FE R
TR B A R DI Al BE S BT T B L
KPS (0 =87 500) , REHE IR F] T TR 33 4 for
O MR TS XN A ST HES IS 98N
PR AGE BERTT 00 T . X R IR B A B T
/D AR T RE . 18] 5d2 REAR T A A WU AL Y A
HREAS AL I A — BT & o B 57 5 A7 7 1 51 A HE
PR PRI IS 2 RV DR E T B X AL B AT
Mo HE 52 AT B A B R iR BT B S Ry
IR AR AT A 2 A RE R BT R, X
P T S IR T N T R SR T RE

0.029 40

0.029 38

0.029 36

0.029 34

{kFree energy change

2y 0.029 32

H et

0.029 30

0.029 28, , . . .
70 000 75000 80000 85000 90 000
I} ] 2 K Time steps

0.0414F (d2)

0.0412

0.0410F

0.0408

0.040 6

0.040 4

H H1fE45 {kFree energy change

0.0402 . L
50000 60000

I5} (6] 22 K Time steps
(A1) FhF RGOS (d2) F R h 85
(d1) Emission dislocation of the GBj; (d2) Absorpsion

40000

dislocation of the GB
&5 S5 5 R WAL 5 R AR Ak
Fig. 5 Energy change of emission dislocation and ab-

sorpsion dislocation of the GB
5 it

KM PFC BRI 5 201 [t 22 ot PR b1 AR 2 3
PN T 45 A 1 A i AR e X B DL R Y 2 BT A BN T
455 R PEC B 2 S RSB PR TE |, £ SN XU 3
ASIMEAE T 250 A /N B il R Y kLA K
A BRI DI R Fas s o E . Bl AR
8 T WL ) R B L R AT O LR/ S B ST RS
BENAFIAR . S RECOL B A B T i S SR T RE 5
538

MR AT A7 DU I 1 B G TR . X 2 B G A H A Y
BTk, oy 78 1w or ik g B T, R W
PFC J79% AT LUA SO 22 fi R b IR AR i 7

SE k-

[1] SHEINIR,KIKO V S;MAKURIN Y N,et al. Elastic
parameters of single-crystal and polycrystalline wurtzite-
like oxides BeO and ZnO: Ab initio calculations []].
Physics of the Solid State,2007,49(6):1067-1073.

[2] ZHU L F.FRIAK M,LYMPERAKIS L,et al. Ab initio
study of single - crystalline and polycrystalline elastic
properties of Mg-substituted calcite crystals[ J]. Journal
of the Mechanical Behavior of Biomedical MAterials,
2013,20:296-304.

(3] XB=EF W4, dAL ok, 55, 4500 00 55 52 3h /Y b 1A AR
SR ]. JTPER R B2, 2017,33(4) £ 223-227.
DENG Q Q. HU X Z, HUANG L L, et al. Phase field
crystal study on dislocations movement in strip grain
[J]. Journal of Guangxi Academy of Sciences, 2017, 33
(4):223-227.

[4] ELDER K R,KATAKOWSKI M,HAATAJA M,et al.
Modeling elasticity in crystal growth[]]. Physical Re-
view Letters,2002,88(24):245701.

[5] ELDER K R,GRANT M. Modeling elastic and plastic
deformations in nonequilibrium processing using phase
field crystals[ J]. Phys Rev E Stat Nonlin Soft Matter
Phys,2004,70(1) :051605.

(6] mdefR Aok, £ R, . 250 Mk B —
4 TR LI [T, T PE 24 . 2015, 22(5) 1 485-491.
GAO Y J.YANG R L, WANG Y L,et al. Phase field
model simulation of bumps and holes pattern of two di-
mension crystals[ J]. Guangxi Sciences, 2015, 2015, 22
(5):485-491.

IV B0 o RS I B o T B S VA B 7 B R VAT RN
GBI, T PR, 2016,23(5) 1 459-464.
HUANG S Y,LI S N, HU X Z, et al. Vacancy phase-
field- crystal simulation of dislocation motion of grain
boundary[ J]. Guangxi Sciences,2016,23(5) :459-464.

(8] g dh, W BE B 4 7, 55 WAL 45 W 7% 02 3 1Y & 1 A 3
BERILTT. ) PE R ,2016.23(5) 1 443-447.

YANG R L,LIU Y,HU X Z, et al. Phase-field-crystal
simulation of double dislocation gliding[]J]. Guangxi Sci-
ences,2016,23(5) :443-447.

Lo BEALHK, XBEE, 5 BLVL, 45 Bl b UG Ak 80 42 19 b 1A A
GBI ] TR B 4. 2017,33(4) 1 234-239.
HUANG L L,DENG Q Q,LU Y J,et al. Phase field
crystal simulation of defect pre- melting phenomenon
[J]. Journal of Guangxi Academy of Sciences, 2017, 33

(4):234-239.
Guangxi Sciences, Vol. 24 No. 6, December 2017



(10]

[11]

[12]

(13]

[14]

I At

JIEVE LA — P FAE AR N SR 2T R VLAY &
A LT ], T P R 2 B % ik . 2017, 33 (4) : 240~
245.

LUY J,KONG L Y,DENG Q Q. et al. Phase field
crystal simulation of nucleation and propagation of mi-
cro- cracks [ J]. Journal of Guangxi Academy of Sci-
ences,2017,33(4) :240-245 .

YR B ER BFFE L F DM R R RS
O3 SR AR ST ], TS M B 201431 (4) 471+
478.

GAO Y J,LUO Z R,DENG Q Q,et al. Phase-field-
crystal modeling of microcrack propagation and
branching in ductile materials[J]. Chinese Journal of
Computational Physics.2014,31(4):471-478.
HIROUCHI T,TAKAKI T,TOMITA Y. Developme-
nt of numerical scheme for phase field crystal deforma-
tion simulation[ ]J]. Computational Materials Science,
2009,44(4):1192-1197.

GREENWOOD M,PROVATAS N,ROTTLER J.
Free energy functionals for efficient phase field crystal
modeling of structural phase transformations[]]. Phys
Rev Lett,2010,105(4) :045702.

CONRAD H,NARAYAN J,JUNG K. Grain size sof-

tening in nanocrystalline TiN[J]. International Journal

2017 F 12 A % 24 5% 6 &

[15]

[16]

[17]

[18]

of Refractory Metals & Hard Materials, 2005,23(4) ;
301-305.

BERRY J,PROVATAS N,ROTTLER ], et al. Defect
stability in phase-field crystal models: Stacking faults
and partial dislocations[]]. Physical Review B,2012,86
(22):224112.

BERRY J,ELDER K R, GRANT M. Melting at dislo-
cations and grain boundaries: A phase field crystal
study[J]. Physical Review B,2008,77(22) :224114.
LA — 5 BT XBE R A A IR ) £ ) SR IR
AR R AR S BRI LT DL ) P R B A 4, 2017, 33
(4):228-233.

KONGL Y,LU Y J,DENG Q Q, et al. Phase field
crystal simulation of grain boundary annihilation with
two dimensional large orientation angle[ ]J]. Journal of
Guangxi Academy of Sciences,2017,33(4):228-233 .
ROTH C C,MOHR D. Effect of strain rate on ductile
fracture initiation in advanced high strength steel
sheets: Experiments and modeling [ ] ]. International

Journal of Plasticity,2014,56(4) :19-44.

CRER LIS S-S

539



